


































































































































































































２）Gosse, P., Schumacher, H.:Early morning blood pres-
sure surge. J. Clin. Hypertens.（Greenwich），８（８）：
５８４‐９，２００６．
３）Parmeggiani, P. L. : Physiologic Regulation in Sleep.
In : Principles and Practice of Sleep Medicine 4th ed,
（Kryger MH, Roth T, & Dement WC, eds.）, Elsevier
Saunders，philadelphia，２００５，pp．１８５‐１９１
４）Sei, H., Morita, Y. : Why does arterial blood pressure
rise actively during REM sleep? J. Med. Invest.，４６
（１‐２）：１１‐７，１９９９．
５）Curtis, A. M., Cheng, Y., Kapoor, S., Reilly, D., et al. :
Circadian variation of blood pressure and the vascu-
lar response to asynchronous stress. Proc. Natl.
Acad. Sci. USA.，１０４（９）：３４５０‐５，２００７．
６）Swoap, S. J., Weinshenker, D., Palmiter, R. D., Garber, G.:
Dbh（‐/‐）mice are hypotensive, have altered cir-
cadian rhythms, and have abnormal responses to
dieting and stress. Am. J. Physiol. Regul. Integr.
Comp. Physiol.，２８６（１）：R１０８‐１３，２００４．
７）Achermann, P., Borbely, A. A. : Mathematical mod-
els of sleep regulation. Front. Biosci.，８：S６８３‐９３，
２００３．
８）Huber, R., Ghilardi, M. F., Massimini, M., Ferrarelli, F.,
et al. : Arm immobilization causes cortical plastic
changes and locally decreases sleep slow wave
activity. Nat. Neurosci.，９（９）：１１６９‐７６，２００６．
９）Huber, R., Ghilardi, M. F., Massimini, M., Tononi, G. :
Local sleep and learning. Nature，４３０（６９９５）：７８‐
８１，２００４．
１０）Ikeda, M., Ikeda-Sagara, M., Okada, T., Clement, P., et
al. : Brain oxidation is an initial process in sleep
induction. Neuroscience，１３０（４）：１０２９‐４０，２００５．
１１）Chobanian, A. V., Bakris, G. L., Black, H. R., Cushman,
W.C., et al. : Seventh report of the Joint National
Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure. Hyperten-
sion，４２：１２０６‐１２５２，２００３．
１２）Reppert, S. M., Weaver, D. R. : Coordination of circa-





Blood pressure control by sleep and circadian mechanism
Hiroyoshi Sei
Department of Integrated Physiology, Institute of Health Bioscience, The University of Tokushima Graduate School, Tokushima,
Japan
SUMMARY
Morning surge and/or non-dipping type of hypertension have lately attracted considerable
attention, because it has greater risk for cardio-or cerebro-vascular accident. Both sleep and
circadian mechanisms have important roles on the blood pressure（BP）control. Our works on
the control of BP by sleep or circadian system are summarized in this review.
During REM sleep, even in mice, sleep apnea frequently occurs and BP shows large fluctuation
with spontaneous surges. The apnea is followed by a surge of BP. Acetazolamide, carbonic
anhydrase inhibitors, increases the frequency of ventilation and suppresses the increase of BP
during REM sleep. Moderate hyperoxia（50% O2-N2balance）causes the decrease of ventilation
frequency and augments the increase of BP during REM sleep. These data suggest that, during
REM sleep, hypercapnea caused by the impaired ventilation may occur, which induces the increase
of BP via central chemoreceptor reflex.
Clock is one of the main circadian-related genes. BP in the Clock mutant mice（Clockm）is
significantly higher than wild type（WT）during the light period. HR in the Clockm is significantly
lower than WT during the dark period. Aderenalectomy induces the disappearance of significant
difference in the amplitude of BP and HR between the Clockm and WT. Concentration of plasma
aldosterone in the Clockm is lower than that in WT. On the other hand, plasma vasopressin in the
Clockm is higher than that in WT. It is possible that the altered function of water balance, which
is caused by the lack of normal Clock gene, may induce the non-dipping circadian profile of BP and HR.
Sleep and circadian system have important roles on the cardiovascular function. It is necessary
to continue physiological in-vivo chronic experiments, in order to clarify the interaction between
sleep or circadian system and other factors relating to the cardiovascular diseases, such as TNF-
alpha, PAI-1 or IL-6 and so on.
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